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Magnetic device with a coupling layer and method of manufacturing and operation of such 
device. 



EPO-DG 1 

09. oa 2000 



FIELD OF THE INVENTION 

The present invention is related to the field of magnetic devices. More in 
particular, a magnetic data storage system and a sensing system of magnetic characteristics, 
the systems having a coupling layer, are disclosed. A method of manufacturing such 
systems is also disclosed. 



BACKGROUND OF THE INVENTION 

Magnetic devices are known in the art. Spin-valve stmctures such as Giant 
Magneto Resistance (GMR) and Spin-timnel Magneto Resistance (TMR) devices recently 

1 0 have been extensively studied and were subject of a vast number of disclosures. GMR- and 
TMR-devices comprise as a basic building stack two ferromagnetic layers separated by a 
separation layer of a non-magnetic material. This stmcture in the sequel is referred to as the 
basic GMR- or TMR-stack of the magnetic device, or is referred to as the GMR- or TMR- 
structure. Such structure has a magneto resistance characteristic and shows the GMR- or 

15 TMR-effect. The separation layer is a non-ferromagnetic metallic layer for GMR-devices, 
and is a non-metallic, preferably insulating, layer for TMR-devices. Over the separation 
layer, there is a magnetic coupling between the two ferromagnetic layers. The insulating 
layer in the TMR-devices allows for a significant probability for quantum mechanical 
tunneling of electrons between the two ferromagnetic layers. Of the two ferromagnetic 

20 layers, one is a so-called free layer, and one is a so-called or hard pinned layer. The free 
layer is a layer whose magnetization direction can be changed by applied magnetic fields 
with a strength lower, preferably substantially lower, than the strength of the field required 
for changing the magnetization direction of the pinned layer. Thus the pinned layer has a 
preferred, rather fixed magnetization direction, whereas the magnetization direction of the 

25 free layer can be changed quite easily under an external applied field. A change of the 

magnetization of the free layer changes the resistance of the TMR- or GMR-device. This 
results in the so-called magneto resistance effect of these devices. The characteristics of 
these magnetic devices or systems can be exploited in different ways. For example a spin 
valve read-out element utilizing the GMR-effect can be used for advanced hard disk thin film 
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heads. Also magnetic memory devices such as stand-alone or non-volatile embedded 
memory devices can be made based on the GMR- or TMR-elements An example of such 
memory devices are MRAM devices. A further application is a sensor device or system for 
magnetic characteristics. Such sensors are used for example in anti-lock braking (ABS) 
5 systems or other automotive applications. 



at least one intrinsic magnetic characteristic of the GMR- or TMR-devices. For example the 
magneto resistance output curve of the devices exhibits a field offset as a result of the 
magnetic coupling between the ferromagnetic layers. For most applications, this intrinsic 
10 magnetic characteristic causes a problem since the required operation ranges usxially need to 
be at or aroimd zero external field. This offset characteristic can be balanced by external 
biasing magnets but such measure is often not desired because of the higher cost and design 
limitations of the devices. 



1 5 suggested to introduce a second pinned magnetic layer in the stack of layers making the 

OMR-device. The magnetization direction of the second pinned layer is anti-parallel to the 
one of the first pinned layer of the basic stack of the OMR-device and therefore compensates 
the field-offset of the OMR-device. The second pinned layer is separated from the rest of the 
OMR-device by an electrically insulating separation layer. The presence of the insulating 

20 separation layer is needed for electrically insulating the second pinned layer from the basic 
stack of the OMR-device in order to avoid that the magnitude of the magneto resistance 
effect of the OMR-device is substantially influenced. On the other hand, there needs to be a 
magnetic coupling between the second pinned layer and the basic stack of the OMR-device. 
The second pinned layer should be identical to the first pinned layer but the magnetization 

25 direction should be opposite. The presence of this electrically insulating separation layer 
however causes problems in the functioning of the resulting OMR-device. It is difficult to 
realize the same magnetic coupling over an insulating separation layer compared to the 
magnetic coupling between the ferromagnetic layers in the basic OMR-stack. The insulating 
separation layer furthermore is disturbing the required crystallographic texture of the second 

30 pinned layer and the insulating separation layer furthermore does not achieve the required 
magneto-coupling between the second pirmed layer and the basic stack of the OMR-device. 



97RD400012-A (1997)" is the fact that heat treatments of this structure are not possible 
anymore after deposition of the layers. Such heat treatments are often needed in the course 



It is often required in a number of applications to modify, change or influence 



In the pubUcation "Research Disclosure 97RD400012-A (1997)" , it is 



Yet another problem with the structure published in the "Research Disclosure 
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of the further processing of the device or are often needed to improve or reset or reorient the 
magnetic characteristics of the device. 



Resistance (MR) elements or GMR- or TMR-devices thereon (see e.g. EP687917). 
5 EP661692 discloses the use of Ta as a layer in-between a MR-layer and a soft adjacent 
overlayer (SAL). The SAL layer is introduced to cancel the extemal stray field of the MR 
layer and is not coupling with the MR-element via the Ta layer. The Ta layer of EP661692 
may be thick. 

1 0 SUMMARY OF THE INVENTION 



basic GMR- or TMR-stack and further including means for influencing at least one intrinsic 
magnetic characteristic of the basic GMR- or TMR-stack of the system. It is another aim of 
the present invention to disclose a magnetic system being based on the GMR- or TMR-effect, 

1 5 and further including means for influencing at least one intrinsic magnetic characteristic of 
the basic GMR- or TMR-stack of the system, wherein at least part of the magnetic system is 
manufacturable without significantly changing a standard production process to thereby niake 
systems at a reasonable cost. It is a further aim of the present invention to disclose a 
magnetic system being based on the GMR- or TMR-effect, at least part of the system being 

20 made in a multilayer configuration that includes means for influencing at least one intrinsic 
magnetic characteristic of the basic GMR- or TMR-stack of the system, and the means for 
influencing the intrinsic magnetic characteristic being made without introducing extra 
magnetic components outside of the mtdtilayer configuration. 



25 aspects and embodiments of the invention that are explained in this section and throughout 

the whole specification can be combined. A number of terms that is used in this summary and 
throughout the specification is explained at the end of this section. 



set of structures is disclosed. The data storage system includes a first structure of layers 
30 including at least a first ferromagnetic layer and a second ferromagnetic layer with at least a 
separation layer of a non-magnetic material therebetween, said first structure having at least a 
magneto resistance effect. The data storage system further comprises a second structure 
including at least one magnetic layer, said second structure influencing at least one intrinsic 
magnetic characteristic of said first structure ; and said second structure being separated from 



It is known in the art to use a Ta layer as a basic layer for depositing Magneto 



An aim of the present invention is to disclose a magnetic system having a 



Several aspects of the invention are summarized herebelow. The different 



In a first aspect of the present invention a data storage system comprising a 
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said first structure by at least a layer of a high-resistive metallic material and said layer of a 



high-resistive metallic material furthermore coupling the influencing of said second structure 
on said first structure while not substantially influencing the magnitude of the magneto 
resistance effect of said first structure. Therefore use is made of a high-resistive metallic 
5 material for the system and the set of structures discussed hereabove. The high-resistive 

metallic material is chosen i.a. in order to avoid that the magnitude of the magneto resistance 
effect is reduced significantly due to electrical shunting. The set of structures of the data 
storage system of the invention can be made in a multilayer configuration building fiirther on 
the basic GMR- or TMR-stack of the system. Therefore at least part of the system is 

1 0 manufacturable without significantly changing a standard production process to thereby make 
at least part of the system at a low cost. There can be several intermediate layers in-between 
said first structure and said layer of a high-resistive metallic material, and in-between said 
layer of a high-resistive metallic material and said second structure. The set of structures can 
be made without the need for introducing extra magnetic components outside of the 

1 5 multilayer configuration. It is possible in an embodiment of the invention to integrate the 
whole data storage system on one semiconductor (silicon) chip v^th the multilayer 
configuration being grown or deposited on the chip. The multilayer configuration can be 
grown or deposited on the chip in the fi:ont-end or in the back-end of the process for making 
the chip. In the back-end process a part of the chip is planarized and the multilayer 

20 configuration is deposited or grown thereon. Appropriate connections by bonding or via 

structures are made in order to transfer the signals of the multilayer configuration to the part 
of the chip containing the signal processing logic. In the fi:ont-end process, the multilayer 
configuration is directly integrated on the semiconductor (silicon). 



25 metallic material furthermore is at least partially inducing a crystallographic characteristic on 
said second structure. The layer of a high-resistive metallic material can also induce a 
crystallographic characteristic on said first structure in case the first structure is above the 
layer of a high-resistive metallic material. In this way, depending on the choice of 
crystallographic characteristic of the high-resistive metallic material, the preferred or needed 

30 crystallographic structure of the second or first structure (depending which of the second or 
first structure is above the layer of a high-resistive metallic material ) can be selected. The 
crystallographic characteristic can, for the same high-resistive metallic material, include a 
different orientation of the high-resistive metallic material, for example (1 1 1) or (100) or 
(110), or another phase structure of the high-resistive metallic material. There are further 



In an advantageous embodiment of the invention, said layer of a high-resistive 
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implementations of this embodiment of the invention. The second structure can be deposited 
on the layer of a high-resistive metallic material or said layer can de deposited on the second 
structure. In both implementations, the crystallographic structure of the layer of a high- 
resistive metallic material can be induced or transferred to the second structure. 
5 In order to compensate for example for the intrinsic magnetic characteristic of 

field offset of the magneto resistance output curve of the basic GMR- or TMR-stack of the 
system of the invention, in an embodiment of the invention the second structure can comprise 
at least one layer of a magnetic material of a high coercivity. Said second stmcture can also 
comprise at least one layer of an exchange biasing or an exchange biased magnetic material 
10 or a layer that has a magnetization direction that has a preferential orientation with respect to 
the magnetization direction of said first ferromagnetic layer. Preferably the layer that has a 
preferential orientation is oriented substantially anti-parallel with respect to the magnetization 
direction of said first ferromagnetic layer. The second structure can also be a layer with an 
orientation of the magnetization of the layer under an angle between 90°and 180° with 
15 respect to the magnetization direction of said first ferromagnetic layer to eliminate both field- 
offset and hysteresis of said first structiire at the same time. The orientation of the 
magnetization direction of the second structure can also be influenced by the crystallographic 
structure induced by the crystallographic characteristic of the high-resistive metallic material. 

The data storage system of the invention can further comprise a third structure 
20 including at least one magnetic layer, said third stmcture influencing at least one magnetic 
characteristic of said first stmcture, said second structure at least partly compensating for the 
influencing of said third stmcture on said first stmcture. This embodiment is advantageous in 
case for instance the magnetization pinning of the first ferromagnetic layer of said first 
stmcture, is strengthened through the addition of said third stmcture to the data storage 
25 system. Another type of said third stmcture can be the presence of a third layered stmcture 
for reducing the coercivity of the second ferromagnetic layer of the first stmcture. This third 
stmcture can also be separated firom the first stmcture by a layer or a stack of layers 
including at least a layer of a high-resistive metallic material and said layer of a high-resistive 
metallic material furthermore coupling the influencing of said third stmcture on said first 
30 stmcture while not substantially influencing the magnitude of the magneto resistance effect 
of said first stmcture. 

The system of the invention can have as the layer of a high-resistive metallic 
material, a layer composed of a material of one of the group of Ti, Zr, Hf, V, Nb, and Ta, or 
any combination thereof. The layer may also be composed of a material of one of the group 
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of Mo, Cr, W, or any combination thereof, or may be a polymer or any other metallic 
material with a resistivity in the range of the typical resistivities of the group of the metals Ti, 
Zr, Hf, V, Nb, Ta, Mo, Cr, and W or any combination thereof. It is one of the advantages of 
the present invention that the coupling of the influencing of said second structure on said first 
5 structure through said layer of a high-resistive metallic material is not strongly sensitive to 
small variations in the thickness of the layer of high-resistive metallic material. Nevertheless 
the degree of influencing of the intrinsic magnetic characteristic of said first structure can 
depend on the thickness of the layer of high-resistive metallic material and therefore the 
intrinsic magnetic characteristic of said first structure can also be tuned by varying the 

1 0 thickness of the layer of high-resistive metallic material. Thus the strength of the coupling is 
not critically dependent on the precise thickness of the layer of high-resistive metallic 
material but the influencing of the intrinsic magnetic characteristic of said first structure can 
depend on the thickness of the layer of high-resistive metallic material. The thickness of the 
layer can be as thin as one atomic layer or can have a thickness of up to 2 or 3 or 5 or 7 or 1 0 

15 or even 1 5 nm. Preferably a Ta layer with a thickness of about 3 nm is used for the layer of a 
high-resistive metallic material. The layers of the data storage system of the invention can be 
deposited by Molecular Beam Epitaxy or MOCVD or sputter deposition or any such 
deposition technique known to the person of skill in the art 



20 or a magnetic memory device and can also be a computer or an integrated circuit with a 

memory fimctionality such as a MRAM or an ASIC with an embedded non-volatile magnetic 
memory element or a chipcard or any such data storage system. The set of structures of the 
data storage system of the invention can be made in a multilayer configuration building 
fixrther on the basic GMR- or TMR-stack of the system. As such but also in other 

25 configurations, the set of structures can be part of a MRAM structure being integrated on a 
semiconductor substrate. The set of structures can also be part of a non-volatile magnetic 
memory structure being integrated on a semiconductor substrate. The MRAM data storage 
systems can be based on magnetic turmel junctions or GMR spin valves, replacing CMOS 
capacitors and embedded in a conventional semiconductor chip environment. A typical 

30 MRAM cell imit consists of layers of magnetic material separated by a thin non-magnetic 
insulator through which electrons can timnel (a basic TMR-stack). The magnetic orientation 
in the magnetic layers can be independently controlled by applying a magnetic field. The 
field is created by passing pulses of electric current through thin wires next to, or 
incorporated in, the MRAM cells. When the magnetic layers have the same orientation, a 



The data storage system of the invention can be a magnetic memory element 
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current tunnels between them and through the insulator more easily than when the 
orientations are different. The cell can therefore be switched between two states, representing 
a binary 0 and 1 . As an example, the tunneling characteristics of a Co/Al-oxide/NiFe tunnel 
junction demonstrate a significantly larger resistance with an anti-parallel magnetic 
5 orientation compared to the parallel state. The thresholds between the two states are 

determined by the coercive fields of the magnetic layers (He (Co) = 1 .6kA/m and He (NiFe) 
0.35kA/m) and can be adjusted by the choice of material and thickness. In the example, all 
layers can be deposited by magnetron sputtering. The Al-oxide layers can be plasma oxidized 
in pure O2 at 100 mbar pressure for 60-180 seconds. The rms roughness of the films is 
10 critical to the signal height and is below 0.3 nm. 

For magnetic storage the orientation of one of the magnetic layers can be kept 
fixed and pinned by an antiferromagnet. Because data in an MRAM is stored magnetically, 
* the data is kept whether the device is powered or not, i.e., it is non-volatile. Advantages of 
the MRAM include: higher speed than today's static RAM and higher density than DRAM 
1 5 because the signal height does not scale wdth the cell area of the magnetic tunnel junction. 
The read/write times can be as short as 10 nanoseconds, about six times faster than today's 
fastest RAM memory. Furthermore, the relatively simple principle permits more flexibility in 
circuit design. 

In a second aspect of the present invention, a sensing system of a magnetic 
20 characteristic is disclosed. The sensing system comprises a first structure of layers including 
at least a first ferromagnetic layer and a second ferromagnetic layer with at least a separation 
layer of a non-magnetic material therebetween, said first structure having at least a magneto 
resistance effect ; a second structure including at least one magnetic layer, said second 
structure influencing at least one intrinsic magnetic characteristic of said first structure ; and 
25 said second structure being separated fi*om said first structure by at least a layer of a high- 
resistive metallic material and said layer of a high-resistive metallic material furthermore 
coupling the influencing of said second structure on said first structure while not substantially 
influencing the magnitude of magneto resistance effect of said first stmcture. Therefore use 
is made of a high-resistive metallic material for the system and the set of structures discussed 
30 hereabove. 

The sensing system according to the second aspect of the invention can be a 
magnetic sensor device or a magnetic read-head such as a GMR thin film head for hard disks 
or any such system including signal processing electronics for processing the signal of the 
magnetic characteristic or a measure or derivate thereof. The set of structures of the sensing 
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system of the invention can be made in a multilayer configuration building further on the 
basic GMR- or TMR-stack of the system. Therefore at least part of the system is 
manufacturable without significantly changing a standard production process to thereby make 
at least part of the system at a low cost. There can be several intermediate layers in-between 
5 said first structure and said layer of a high-resistive metallic material, and in-between said 
layer of a high-resistive metallic material and said second structure. The set of structures can 
be made without the need for introducing extra magnetic components outside of the 
multilayer configuration. It is possible in an embodiment of the invention to integrate the 
whole sensing system on an Alsimag (a mixture of oxides) slider or on one semiconductor 

10 (silicon) chip with the multilayer configuration being grown or deposited on the chip. The 
multilayer configuration can be grown or deposited on the chip in the front-end or in the 
back-end of the process for making the chip. In the back-end process a part of the chip is 
planarized and the multilayer configuration is deposited or grown thereon. Appropriate 
connections by bonding or via stmctures are made in order to transfer the signals of the 

1 5 multilayer configuration to the part of the chip containing the signal processing logic. In the 
front-end process, the multilayer configuration is directly integrated on the semiconductor 
(silicon). The sensing system of the invention can also be an integrated circuit with a 
memory functionality and an integrated sensing system or an ASIC with an embedded non- 
volatile magnetic memory element and a sensing system or a chipcard with a sensing system 

20 or any such sensing system. The set of structures of the sensing system of the invention can 
be made in a multilayer configuration building further on the basic GMR- or TMR-stack of 
the system. 



structure is on top of the high-resistive metallic material, said layer of a high-resistive 
25 metallic material furthermore is at least partially inducing a crystallographic characteristic on 
said second structure. In this way, the preferred or needed crystallographic structure of the 
second structure can be selected. There are at least two implementations of this embodiment 
of the invention. The second structure can be deposited on the layer of a high-resistive 
metallic material or said layer can de deposited on the second structure. In both 
30 implementations, the crystallographic structure of the layer of a high-resistive metallic 
material can be induced or transferred to the second structure. 



field offset of the magneto resistance output curve of the basic GMR- or TMR-stack of the 
system of the invention, in an embodiment of the invention the second structure can comprise 



In an advantageous embodiment of the invention, in which the second 



In order to compensate for example for the intrinsic magnetic characteristic of 
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at least one layer of a magnetic material of a high coercivity. Said second structure can also 
comprise at least one layer of an exchange biased magnetic material or a layer that has a 
magnetization direction that has a preferential orientation with respect to the magnetization 
direction of said first ferromagnetic layer. Preferably the layer that has a preferential 
5 orientation is oriented substantially anti-parallel with respect to the magnetization direction 
of said first ferromagnetic layer. The second structure can also be a layer with an orientation 
of the magnetization of the layer under an angle between 90''and 180° with respect to the 
magnetization direction of said first ferromagnetic layer to eliminate both field-offset and 
hysteresis of said first structure at the same time, 

10 The sensing system of the invention can further comprise a third structure 

including at least one magnetic layer, said third structure influencing at least one magnetic 
characteristic of said first structure, said second structure at least partly compensating for the 
influencing of said third structure on said first structure. This embodiment is advantageous in 
case for instance the magnetization pinning of the first ferromagnetic layer of said first 

1 5 structure, is strengthened through the addition of said third structure to the sensing system. 
Another type of said third stmcture can be the presence of a third layered structure for 
reducing the coercivity of the second ferromagnetic layer of the first stmcture. This third 
structure can also be separated from the first structure by a layer or a stack of layers 
including at least a layer of a high-resistive metallic material and said layer of a high-resistive 

20 metallic material furthermore coupling the influencing of said third structure on said first 
structure while not substantially influencing the magnitude of the magneto resistance effect 
of said first structure. 



material, a layer composed of a material of one of the group of Ti, Zr, Hf, V, Nb, and Ta or 
25 any combination thereof. The layer may also be composed of a material of one of the group 
of Mo, Cr, and W or any combination thereof, or may be a polymer or any other metallic 
material with a resistivity in the range of the typical resistivities of the group of the metals Ti, 
Zr, Hf, V, Nb, Ta, Mo, Cr, W or any combination thereof. It is one of the advantages of the 
present invention that the coupling of the influencing of said second structure on said first 
30 structure through said layer of a high-resistive metallic material is not strongly sensitive to 
small variations in the thickness of the layer of high-resistive metallic material. The 
thickness of the layer can be as thin as one atomic layer or can have a thickness of up to 2 or 
3 or 5 or 7 or 10 or even 15 nm. Preferably a Ta layer with a thickness of about 3 nm is used 
for the layer of a high-resistive metallic material. The layers of the sensing system of the 



The system of the invention can have as the layer of a high-resistive metallic 
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invention can be deposited by Molecular Beam Epitaxy or MOCVD or sputter deposition or 
any such deposition technique known to the person of skill in the art. 

In a third aspect of the present invention, a method of fabricating a magnetic 
system is disclosed. The magnetic system can be a data storage system or a sensing system. 
5 The method comprises the steps of defining a first structure of layers including at least a first 
ferromagnetic layer and a second ferromagnetic layer with at least a separation layer of a 
non-magnetic material therebetween, said first structure having at least a magneto resistance 
effect ; defining a second structure, said second structure including at least one magnetic 
layer or a set of layers for influencing at least one intrinsic magnetic characteristic of said 

10 first structure ; and defining at least one layer of a high-resistive metallic material in-between 
said second structure and said first structure, and said layer of a high-resistive metallic 
material fiirthermore at least partially inducing a crystallographic characteristic on said 
second stmcture. The layers of the magnetic system of the invention can be deposited by 
Molecular Beam Epitaxy or MOCVD or sputter deposition or any such deposition technique 

1 5 known to the person of skill in the art. 

In a fourth aspect of the present invention, a method of tuning an intrinsic 
magnetic characteristic of a magnetic system is disclosed, the system comprising a set of 
structures including a first structure of layers including at least a first ferromagnetic layer and 
a second ferromagnetic layer with at least a separation layer of a non-magnetic material 

20 therebetween, said first structure having at least said magneto resistance effect. The 

magnetic system can be a data storage system or a sensing system. The method comprises 
the steps of defining a layer of a high-resistive metallic material on said first structxire ; and 
defining a second structure including at least one magnetic layer on said layer of said high- 
resistive metallic material, said second stmcture including at least one magnetic layer or a set 

25 of layers for influencing at least one intrinsic magnetic characteristic of said first structure. 
There can be several intermediate layers in-between said first structure and said layer of a 
high-resistive metallic material, and in-between said layer of a high-resistive metallic 
material and said second structure. 

In a fifth aspect of the present invention a magnetic system such as data 

30 storage system or a sensing system of a magnetic characteristic is disclosed. The system 
comprises a set of structures including : 

a fij-st structure of layers including at least a first ferromagnetic layer stmcture 
and a second ferromagnetic layer with at least a separation layer of a non-magnetic material 
therebetween, said first structure having at least a magneto resistance effect ; 
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a second structure including at least one magnetic layer, said second structure 
influencing at least one intrinsic magnetic characteristic of said first structure ; 

said second structure being separated from said first structure by at least a 
layer of a high-resistive metallic material and said layer of a high-resistive metallic material 
5 furthermore coupling the influencing of said second structure on said first structure while not 
substantially influencing the magnitude of the magneto resistance effect of said first 
structure; and wherein 

said furst ferromagnetic layer structure and said second structure respectively 
comprise an even or odd number of non-abutting ferromagnetic layers and an odd or even 

10 number of non-abutting ferromagnetic layers. Thus, according to this fifth aspect of the 

invention, in case the first ferromagnetic layer structure comprises an even number of non- 
abutting ferromagnetic layers, the second structure comprises an odd number of non-abutting 
ferromagnetic layers, and vice-versa. The layers of the system can be deposited by Molecular 
Beam Epitaxy or MOCVD or sputter deposition or any such deposition technique known to 

1 5 the person of skill in the art. 

A number of terms that is used in this summary and throughout the 
specification is explained herebelow. With the term intrinsic magnetic characteristic, it is 
meant any magnetic characteristic of the GMR- or TMR-structure that is intrinsically related 
to the magneto resistance effect of the GMR- or TMR-structure. Such include the presence 

20 of field-offset and hysteresis of the GMR- or TMR-structure but not the stray field of the 
GMR- or TMR-structures as the stray field is not directly related to the magneto resistance 
characteristic of the structure, device or system. Thus the term intrinsic magnetic 
characteristic may, in the light of the above explanation, be renamed as an intrinsic magneto 
resistance characteristic. The term high-resistive metallic material is to be imderstood 

25 according to the knowledge of the person skilled in the art. Cu or Al obviously are low- 
resistive metallic materials. The resistivity of the metallic material is to be sufficiently high 
for not substantially influencing the magnitude of the magneto resistance effect of said furst 
structure. A high-resistive metallic material for example is a material with a resistivity in 
about the range of the typical resistivities of the group of the metals Ti, Zr, Hf, V, Nb, Ta, 

30 Mo, Cr, and W or any combination thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematically part of a system of the invention according to an 
embodiment as a multilayer configuration. 
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Figure 2 shows part of a system of the invention according to an embodiment 
as a multilayer configuration with an exchange-biased artificial antiferromagnet. 

Figure 3 shows how the field offset of a GMR-structure as part of a system of 
the invention can be tuned by varying the thickness of a Ta layer. The Ta layer is separating 
the GMR-structure from a second structure including a 4.0 CoFe/10.0 IrMn/10.0 Ta (all 
numbers in nm) layer stack. 

Figure 4 shows data of the offset compensation of layer structures with an 
AAF according to an embodiment of the invention as a multilayer configuration. 



1 0 DETAILED DESCRIPTION OF THE INVENTION 

For the pvirpose of teaching of the invention, preferred embodiments of the 
method and of devices of the invention are described in the sequel. In particular 
embodiments of the invention of magnetic multilayer configurations based on a basic GMR- 
or TMR-stack are disclosed. These multilayer configurations can be integrated in the 

1 5 systems of the invention according to techniques known to the person of skill in the art. It is 
for example possible in an embodiment of the invention to integrate the whole sensing or 
data storage system on one semiconductor (silicon) chip with the multilayer configuration 
being grown or deposited on the chip. The multilayer configuration can be grown or 
deposited on the chip in the front-end or in the back-end of the process for making the chip. 

20 In the back-end process a part of the chip is planarized and the multilayer configuration is 

deposited or grown thereon. Appropriate connections by bonding or via structures are made 
in order to transfer the signals of the multilayer configuration to the part of the chip 
containing the signal processing logic. It will be apparent to the person skilled in the art that 
other alternative and equivalent embodiments of the invention can be conceived and reduced 

25 to practice without departing form the true spirit of the invention, the scope of the invention 
being limited only by the appended claims. 

In the sequel magnetic systems are disclosed that comprise a set of structures. 
The set of structures comprises a first structure of layers including at least a first 
ferromagnetic layer and a second ferromagnetic layer with at least a separation layer of a 

30 non-magnetic material therebetween, said first structure having at least a magneto resistance 
effect ; a second structure including at least one magnetic layer, said second structure 
influencing at least one intrinsic magnetic characteristic of said first structure ; and said 
second structure being separated firom said first structure by at least a layer of a high-resistive 
metallic material and said layer of a high-resistive metallic material fiirthermore coupling the 
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influencing of said second structure on said first structure while not substantially influencing 
the magnitude of the magneto resistance effect of said first structure. 

Figure 1 shows schematically a first embodiment of a multilayer configuration 
as part of the system of the invention. Shown in the figure is a substrate (10) whereon is 
5 deposited a first ferromagnetic layer (11) and a second ferromagnetic layer (12) with a 

separation layer (13) of a non-magnetic material therebetween. This first structure is a spin 
valve multilayer with a magneto resistance effect and contains a pinned magnetic layer (11) 
and a free magnetic layer (12). A second structure comprising a pinned layer (15) is 
separated from this first structure by a layer of a high-resistive metallic material (14) is 
1 0 deposited thereon. A thin Ta layer is used as the high-resistive metallic material (14). The 
Ta layer is coupling the influencing of said second structure on said first structure, said 
second structure influencing at least one intrinsic magnetic characteristic of said first 
stmcture, while not substantially influencing the magnitude of the magneto resistance effect 
of said first structure. 

15 The free magnetic layer experiences weak coupling fields such as 

magnetostatic antiferromagnetic coupling and ferromagnetic "orange-peel" coupling. The 
coupling effects are neutralized by incorporating a second pinned magnetic layer (15) into the 
spin-valve which allows the magnetization of the second pinned layer to be anti-parallel to 
the magnetization of the first pinned layer. In this embodiment, it is not the goal to 

20 implement a "mirror" of both the exchange- and magnetostatic coupling over the separation 
layer, but merely to compensate the field offset of the basic GMR-stack by an opposite 
(basically "orange-peel") coupling field over the Ta layer. Experimentally it is found that 

• the strength of the coupling is not very sensitive to small variations in the Ta layer 
thickness; 

25 • varying the Ta layer thickness on the other hand has an influence on the field offset of the 
basic GMR-stack (see below); 

• Ta has a relative high resistivity and therefore doesn't reduce the MR effect too much in 
the basic GMR-stack; 

• Ta induces/transfers the desired (111) texture for this application to the upper layer (1 5) ; 
30 • the GMR effect over Ta is very small, so that it doesn't cancel the GMR effect of the 

basic GMR-stack. 

An embodiment with an extra advantage is obtained if an exchange-biased 
artificial antiferromagnet (AAF) is used in the active part of the basic GMR/TMR-stack, 
while a single ferro-magnetic layer is used in the offset-compensating subsystem (see figure 
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2). In this configuration the exchange-biasing directions are the same, and therefore the 
complete multilayer configuration can still be (re-)oriented by field-cooling after deposition. 
Generally this is possible for any combination of even with odd numbers of ferromagnetic 
layers. 

5 Figure 2 shows the embodiment with an exchange-biased artificial 

antiferromagnet. An artificial antiferromagnet is a layer structure comprising altemating 
ferromagnetic and non-magnetic layers which have through the choice of materials and layer 
thicknesses such an exchange coupling that the magnetization directions of the ferromagnetic 
layers are antiparallel in the absence of an external magnetic field. Each ferromagnetic layer 
10 can comprise another set of ferromagnetic layers. According to the embodiment of figure 2, 
on a substrate (20) is provided a multilayer configuration of subsequently 

- a buffer layer (28) to induce the right material structure, (111) texture, in this case the buffer 
layer is a stack of 3.5 nm Ta/2.0 nm NigoFeio; 

- a first structure (21-3) containing : 

15 a layer structure consisting of an exchange-biased AAF, in this case 10.0 nm 

Iri9Mn8i/4.5 nm Co9oFeio/0.8 nm Ru/4.0 nm Co9oFeio ; the CoFe/Ru/CoFe stack is used as 
the first ferromagnetic layer (21) (the pinned layer) ; Iri9Mn8i (the exchange biasing layer) 
has been chosen as the exchange biasing material because of its high blocking temperature 
(around 560 K) for a good temperature stability ; the use of an AAF as pinned layer provides 

20 an excellent magnetic stability because of its very small nett magnetization, resulting in a 
great rigidity; 

a separation layer (23) of 3,0 nm Cu; 

a free layer (the second ferromagnetic layer, (22)) of 0.8 nm Co9oFeio/3.5 nm 
Ni8oFe2o/0.8 nm Co9oFeio (the thin Co9oFeio layers enhance the GMR ratio and limit 
25 interlayer diffusion, thereby improving the thermal stability) ; 
and the multilayer configuration further comprising: 
-a high-resistive metallic layer (24) of 2.5 nm Ta 

- a second structure (25) comprising 

a second pinned layer (25) consisting of 4.0 nm CogoFeio exchange-biased 
30 with 10.0 run Iri9Mn8i; 
and finally 

-a cap layer (29) of 10.0 tmi Ta for protection. 

One can note that the magnetization directions of the two ferromagnetic layers 
closest to the free ferromagnetic layer are oriented oppositely. In this way a cancellation 
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of the coupling fields and therefore the elimination of the field-offset in the magneto 
resistance characteristic can be achieved with a correct choice of the Ta layer thickness. The 
GMR effect, however, is not cancelled because the high-resistive Ta coupling layer provides 
almost no GMR effect in the upper part of the multilayer. 
5 An extension of this embodiment is to choose the magnetization of the 

additional layer under an angle between 90*^ and 180^ to eliminate both field-offset and 
hysteresis at the same time. 

In principle also another metal than Ta could be used in the above 
embodiments as long as it has a relatively high resistivity, causes no significant GMR effect 
10 and does not disturb the texture of the multilayer. 

The invention according to these embodiments has a number of advantages: 

• Exact mirroring of both the exchange- and magnetostatic coupling is not required; 

• By using a highly resistive material like Ta (which at the same time can induce the 
desired (111) texture) this idea can also be used in GMR multilayers (see below); 

15 • The use of an AAF makes it robust, and therefore also suitable for automotive/industrial 
sensor applications and for read heads; 

• By using an odd and an even AAF the completed miiitilayer can still be reset or 
reoriented after deposition, for example, to realize crossed anisotropies or to repair the 
exchange biasing. 

20 In a best mode embodiment of the invention a GMR multilayer configuration 

consisting of 3.5 Ta/2.0 NiFe/10.0 IrMn/4.5 CoFe/0.8 Ru/4.0 CoFe/3.0 Cu/0.8 CoFe/3.5' 
NiFe/0.8 CoFe/2.5 Ta/4.0 CoFe/10.0 IrMn/10.0 Ta (all numbers in nm) is disclosed. This 
configuration is deposited on a silicon wafer substrate. A Ta-layer of 3.5 nm thick is 
deposited on the substrate and on this Ta layer a stack of layers is deposited. The first 

25 stmcture is the IrMn/CoFe/Ru/CoFe/Cu/CoFe/NiFe/CoFe stack ; the second structure is the 
CoFe/IrMn bilayer structure ; the 2.5 nm Ta layer is the layer of high resistive metallic 
material. Figure 3 shows that the field offset of the basic GMR-stack can be tuned by 
varying the thickness of the Ta layer. Figure 3 shows that the field offset can be tuned to 
even negative values depending on the thickness of the Ta layer. In a number of applications 

30 such tuning to negative field offsets can be advantageous. This embodiment is also an 

example of the fifth aspect of the invention wherein a magnetic system such as data storage 
system or a sensing system of a magnetic characteristic is disclosed. This system comprises a 
set of structures including the first structure of layers and the second structure including at 
least one magnetic layer, said second structure being separated fi:om said first stmcture by at 
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least the layer of a high-resistive metallic material. The first ferromagnetic layer structure of 
the first structure is the 4.5 CoFe/0.8 Ru/4.0 CoFe stack (an even number of non-abutting 
ferromagnetic layers with the Ru spacer layer) and said second stmcture is the 4.0 CoFe/10.0 
IrMn stack (an odd number (one layer) of non-abutting ferromagnetic layers). The second 
structure can also be a CoFe/NiFe/IrMn stack wherein the abutting CoFe/NiFe stmcture is 
seen as one ferromagnetic layer (non-abutting ferromagnetic layers). 

Yet in another embodiment of the present invention, another robust multilayer 
configuration is disclosed wherein an AAF is used instead of a single ferromagnetic layer as 
the second structure. Experimental data of such multilayer, consisting of, for example, 
3.5 Ta/2.0 NiFe/10.0 IrMn/4.5 CoFe/0.8 Ru/4.0 CoFe/3.0 Cu/0.8 CoFe/5.0 NiFe/2,2 TdJtx 
CoFe/0.8 Kulti CoFe/10.0 IrMn/10.0 Ta, (all numbers in nm) 

are presented in figure 4 ( fi , r2 = 2, 2 nm for the characteristic with the — line ; /i , ^2 = 4, 

4,5 nm for the characteristic with the line). 

In yet another embodiment of the present invention, a way of applying a 
longitudinal bias field is disclosed which, apart from altering the multilayer stack, does not 
require any extra processing steps. A layer structure is first deposited and the field during 
deposition of these layers is rotated over 90^ with respect to that field which is used to deposit 
the second pinned layer (the second structure). An example structure is 



20 3.5Ta/2.0NiFe/15.0IrMn/4.0CoFe/0.8Ru/4.0CoFe / 

< ► 

Buffer Layer and Exchange-Biasing Layer and Pinned Layer (AAF) 



25 



/2.8Cuy 



Separation layer 



/6.0 CoFe/ 
< ► 

free layer 



2.0 AI2 O3 /3.5Ta /4.0CoFe/l 5.0IrMn/3.5Ta 
Additional layers ^ 



(all numbers in nm) with the layer stack of the additional layers including a high-resistive 
30 metallic material (the 3.5 nm Ta layer on the AI2O3 layer) and the second pinned layer (the 
second stmcture). The AI2O3 layer is an intermediate layer in between the first stmcture of 
layers and the layer of a high-resistive metallic material. 

This embodiment of the invention can be used in future generations of 
magnetic read heads and MRAM systems. This multilayer stack addresses the problem of 
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the magnetic characteristic coercive field of the fi-ee layer of both GMR spin- valves and 
TMR structures. When the moment of this layer is aligned with the stray field from a passing 
disk, an anti-parallel alignment wdth the pinned layer moment may be achieved. This gives 
rise to a large change in resistance. If a magnetic coercivity exists in the free layer, the 
5 magnetization of this layer aligns with the field by introducing domain walls which move 
through the layer erratically and thereby introduce distortion in the output of the GMR 
sensor. The stray field from the passing disk is directed to be parallel with a magnetization 
direction of the first layer structure, i.e. the H-direction during deposition. The longitudinal 
biasing field is uni-directional and serves the same purpose as the field from biasing 
10 permanent magnets or a bias conductor as used in the prior art. Thus, additional layers are 
used to longitudinally pin a OMR-structure. In doing so the coercivity of the firee layer is 
reduced to zero; this results in less distortion in the output of the OMR-structure. 
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1 . A data storage system comprising a set of structures including : 

a first structure of layers including at least a furst ferromagnetic layer and a 

second ferromagnetic layer with at least a separation layer of a non-magnetic material 

therebetween, said first stmcture having at least a magneto resistance effect ; 
5 a second structure including at least one magnetic layer, said second structure 

influencing at least one intrinsic magnetic characteristic of said first structure ; and 

said second structure being separated from said first structure by at least a 

layer of a high-resistive metallic material and said layer of a high-resistive metallic material 

furthermore coupling the influencing of said second structxare on said first stmcture while not 
10 substantially influencing the magnitude of the magneto resistance effect of said first 

stmcture. 



2, The system as recited in claim 1 wherein said second stmcture comprises at 
least one layer of a magnetic material of a high coercivity. 

15 

3, The system as recited in claim 1 wherein said second stmcture comprises at 
least one layer of an exchange biasing material. 

4, The data storage system as recited in claim 1 wherein said second stmcture 
20 comprises a layer that has a magnetization direction that is substantially anti-parallel with 

respect to the magnetization direction of said first ferromagnetic layer. 

5, The data storage system as recited in claim 1 further comprising a third 
stmcture including at least one magnetic layer, said third stmcture influencing at least one 

25 magnetic characteristic of said first stmcture, said second stmcture at least partly 
compensating for the influencing of said third stmcture on said first structure. 
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6. The system as recited in claim 1 wherein said layer of a high-resistive metallic 

material furthermore is at least partially inducing a crystallographic characteristic on said 
second and/or said first structure. 



5 7. The system as recited in claim 6 wherein said layer of a high-resistive metallic 

material is one of the group of Ti, Zr, Hf, V, Nb, and Ta, or any combination thereof . 

8. The system as recited in claim 6 wherein said layer of a high-resistive metallic 
material has a thickness in the range of one atomic layer up to 15 nm. 

10 

9. The system as recited in claim 6 wherein said layer of a high-resistive metallic 
material is one of the group of Mo, Cr, and W or any combination thereof. 

10. The system as recited in claim 6 wherein said layer of a high-resistive metallic 
1 5 material is a metallic polymer v^th a conductivity in the range of the conductivities of the 

group of Ti, Zr, Hf, V, Nb, Ta, Mo, Cr, and W or any combination thereof. 

1 1 . The system as recited in claim 6 wherein said second structure is separated 
from said first structure by at least said layer of said high-resistive metallic material and an 

20 insulating layer abutting said layer of said high-resistive metallic material. 

12. The system as recited in claim 1 wherein the set of structures is part of a 
magnetic memory structure such as a MRAM structure, preferably being integrated on a 
semiconductor substrate. 

25 

13. A sensing system of a magnetic characteristic, said system comprising : 

a first structure of layers including at least a first ferromagnetic layer and a 
second ferromagnetic layer with at least a separation layer of a non-magnetic material 
therebetween, said first structure having at least a magneto resistance effect ; 
30 a second structure including at least one magnetic layer, said second stmcture 

influencing at least one intrinsic magnetic characteristic of said first structure ; and 

said second structure being separated from said first structure by at least a 
layer of a high-resistive metallic material and said layer of a high-resistive metallic material 
furthermore coupling the influencing of said second structure on said first structure while not 
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substantially influencing the magnitude of the magneto resistance efTect of said first 

structure. 



1 4. A method of fabricating a magnetic system, the method comprising the steps 
5 of: 

defining a first structure of layers including at least a first ferromagnetic layer 
and a second ferromagnetic layer with at least a separation layer of a non-magnetic material 
therebetween, said first structure having at least a magneto resistance effect ; 

defining a second structure, said second structure including at least one 
1 0 magnetic layer or a set of layers for influencing at least one intrinsic magnetic characteristic 
of said first structure ; and 

defining at least one layer of a high-resistive metallic material in-between said 
second structure and said first structure, and said layer of a high-resistive metallic material 
fiirthermore at least partially inducing a crystallographic characteristic on said second 
1 5 stmcture. 

15. A method of tuning a magneto resistance characteristic of a magnetic system, 
the system comprising a set of structures including a first structure of layers including at least 
a first ferromagnetic layer and a second ferromagnetic layer with at least a separation layer of 

20 a non-magnetic material therebetween, said first structure having at least said magneto 
resistance characteristic, the method comprising the steps of : 

defining a layer of a high-resistive metallic material on said first structure ; 

and 

defining a second structure including at least one magnetic layer on said layer 
25 of said high-resistive metallic material, said second structure said second structure including 
at least one magnetic layer or a set of layers for influencing at least one intrinsic magnetic 
characteristic of said first structure. 

16. A magnetic system such as data storage system or a sensing system of a 
30 magnetic characteristic, the system comprising a set of structures including : 

a first structure of layers including at least a first ferromagnetic layer structure 
and a second ferromagnetic layer with at least a separation layer of a non-magnetic material 
therebetween, said first structure having at least a magneto resistance effect ; 
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a second structure including at least one magnetic layer, said second structure 
influencing at least one intrinsic magnetic characteristic of said first structure ; 

said second structure being separated from said first structure by at least a 
layer of a high-resistive metallic material and said layer of a high-resistive metallic material 
furthermore coupling the influencing of said second structure on said first structure while not 
substantially influencing the magnitude of the magneto resistance effect of said first 
structure; and wherein 

said first ferromagnetic layer structure and said second structure respectively 
comprising an even or odd number of non-abutting ferromagnetic layers and an odd or even 
number of non-abutting ferromagnetic layers. 
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In a magnetic data storage system or a magnetic sensing system including a GMR- or 
TMR-structure, a set of structures is introduced that influences an intrinsic magnetic or 
magneto resistance characteristic such as the field-offset of the GMR-or TMR-structure. The 
set of structures is separated from the GMR-or TMR-stmcture by a high-resistive metallic 
5 material such as Ta. 
Figure 1. 
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